One in eight women will be diagnosed with breast cancer in her lifetime and the number choosing mastectomy in response to invasive breast cancer is rising. A survey of 62 survivors who have undergone double mastectomy with prosthetic reconstruction demonstrated that they have surgical and healing related side effects which create unique undergarment needs. Survey results were used to discern the needs and preferences of this group of survivors and provide functional design guidelines for future bra designers. Bra wing and underband comfort were found to be of critical importance. Adjustable straps and well-fitting cups that hide imperfections while providing insulation and moisture management were additional needs identified by these survivors.
Background
The American Cancer Society (2019) estimates that 268,600 new cases of invasive breast cancer will be diagnosed in women and 2670 cases will be diagnosed in men in 2019. As women age, the likelihood of being diagnosed with breast cancer increases exponentially, with the majority of diagnoses in women between 40 and 70 years of age (American Cancer Society, 2016) . According to Glaus and Carlson (2009) , over half of all breast cancer patients are treated with mastectomy instead of lumpectomy. Researchers found that 12.5% of women with invasive breast cancer in one breast will choose to undergo a double mastectomy with women under 55 also choosing contralateral mastectomy (removal of the other healthy breast) 25% of the time (Caruso, 2017) . The number of mastectomy survivors choosing to undergo reconstruction increased at a rate of 67% between 2009 and 2014 (Miller, Steiner, Barrett, Fingar, & Elixhauser, 2017) .
Two investigations of the bra needs of healthy older women (Risius, 2013; Risius, Thelwell, Wagstaff, & Scurr, 2012) led to the development of a list of key factors impacting the satisfactory performance of a bra including comfort, fit, appearance under clothing, discreetness, and fabric. Other key factors identified were the ability to stay in place, support, strap positioning, torso silhouette, breast shape and lift. LaBat, Ryan, and Sanden-Will (2016) found that 87% of breast reconstruction survivors stated that reconstruction affects the types and styles of bras they wear. Bra selection was impacted by post-surgical shape, asymmetry, bra texture and change in support needs. While women in general do not enjoy bra shopping due to a lack of attractive bras that provide a good fit and are comfortable (Dewsnap & Hart, 2004) , this problem is exacerbated for the breast cancer survivor with reconstruction whose needs for fit and comfort are different than for the average woman.
Research problem
This study examined the fit and style preferences of bras by female cancer survivors aged 40 through 70 who had undergone bi-lateral mastectomy with prosthetic reconstruction at least one year prior to beginning the study. Sixty-two volunteers completed a 65 question online survey about their post prosthetic reconstruction bra needs as well as their individual bra feature, style, fit and purchasing preferences.
This study is part of a larger functional design (Watkins & Dunne, 2015) investigation that seeks to document design criteria of bras that will meet the needs of the female cancer survivor with prosthetic reconstruction. The data collected were analysed and categorised to communicate the findings to researchers and product designers so that bra designs can be refined to appeal to this unique market segment.
Literature review
The incidence of breast cancer in women increases dramatically as they age. Women between the ages of 40 and 70 are more likely to be diagnosed with breast cancer than younger women (American Cancer Society, 2016) . Cancer is more prevalent in Caucasian and African American women than in any other demographic. According to The American Cancer Society (2016), the majority of breast cancers begin in the milk ducts or milk glands and are not inherited but are caused by DNA mutations. Though cancer is still the second leading cause of death in women, an increase in early detection has reduced the rate at which women are dying of breast cancer, especially in women over 50.
Surgery and accompanying side effects
When reconstruction is considered, a woman must evaluate the available options and determine the process that would be most compatible with her desired outcome. Prosthetic reconstruction options can include direct or tissue expander processes with saline or silicone-filled implants (Mentor Guide to Reconstruction, 2018; Steligo, 2017) . Depending on the degree of invasiveness of the surgery and whether or not the diagnosis requires post-surgical radiation, the reconstruction can be scheduled to occur immediately or after mastectomy recovery is complete (Miller et al., 2017) . There are also combinations of autologous and prosthetic implants using tissue from the buttocks, lower abdomen and the upper back (Breast Reconstruction after Mastectomy, 2017; Cordeiro, 2008; Steligo, 2017) . These surgeries can lead to the formation of scar tissue in different areas that impact bra selection criteria. Nipples can be created from skin flaps near the site, formed from grafted tissue (Nipple reconstruction, 2019; Sisti et al., 2016) . Tattoos can be used to enhance reconstructed nipple colour or to depict a two or three-dimensional nipple where none exists (Lee & Sheckter, 2018; Nipple reconstruction, 2019) . Existence and style of nipples, whether they are erect or flat, and whether they are similar from left to right, impact how bra cups fit the individual.
The bra needs of cancer survivors can be impacted by the surgical process utilised and the associated complications as well as the level of satisfaction or acceptance the individual has with her body after the reconstruction process is complete. Common side effects of mastectomy and reconstruction surgeries that may impact bra needs include discomfort from post-mastectomy pain syndrome or more commonly from capsular contracture which is the result of scar tissue hardening around the implant (Steligo, 2017) . Removal of lymph nodes to determine malignancy spread can lead to shoulder complications such as immobility and fibrous tissue deposits that can adhere inside the body and reduce mobility impacting what bra closure styles an individual can wear (LaBat et al., 2016) . Radiation can damage nerves of the brachial plexus which travel from the spinal cord to the collarbone and then into the arm and fingers causing sensitivity from bra straps (Guo & Truong, 2008) . Lymphedema that involves significant swelling is another challenge (LaBat et al., 2016) . Excess fluid can build up under the skin and can only be reduced with consistent use of compression sleeves and cuffs. Women who suffer from lymphedema can have increased sensitivity to compression of the bra band at the underarm and back.
In the case of reconstruction, it is critical to the success of the surgical procedures for the surgeon to have open communication with the patient about options and any potential scars or physical limitations that are an expected part of the process to ensure complete understanding by the patient (Cordeiro, 2008) . Steligo (2017) puts the onus back on the patient, stating that the more one knows about the options available, the more in control the individual feels and thus the better the outcome. Researchers found through interviews that reconstruction did not ensure normalcy as the participants had hoped but did improve the practicalities of dressing (Crompvoets, 2006) . Fang, Shu, and Chang (2013) indicate though women may feel they have achieved successful reconstruction, they may still suffer from higher levels of body stigma compared to those who have chosen a breast-conserving treatment option. Steligo (2013) , an RN and cancer survivor herself, communicates that though surgery can allow one to appear quite normal when dressed, there are several physical anomalies which are likely with reconstruction. Reconstructed breasts are likely to be much more round and flat than natural breasts (Steligo, 2013) . If a flap procedure is used in conjunction with implants, breast size will increase and decrease with weight gain or loss. If unilateral mastectomy is chosen, it may be difficult for the surgeon to match the remaining breast; asymmetry is common. Finally, Steligo (2013) reminds those considering mastectomy and reconstruction that scarring is part of the process. Though scars will fade over time, incision sites as well as flap and tissue donor sites will remain scarred. Healing success is very much dependent on age, genetics and proper scar site maintenance. Kokolus, Hong, and Repasky (2010) have noted that breast cancer survivors tend to have trouble with body temperature regulation in general. Carpenter, Gilchrist, Chen, Shiva, and Freedman (2004) noted that core body temperature demonstrated wide variability in their study of breast cancer survivors. Researchers stated that though this temperature management phenomenon is recognised, it has seen little clinical analysis outside of attempts to understand and identify drugs which reduce the occurrence of symptoms which mimic those that occur during menopause (Kokolus et al., 2010) . Pulzl, Huemer, and Schoeller (2015) found that that 'sensation of cold' was one of five reasons women gave for undergoing implant removal and subsequent analogous reconstruction. As early as 1998, Davison (1998) found that survivors have been known to accidentally burn their breast tissue while trying to warm up. Lack of sensation in the breast tissue made the women unaware of the burns until the damage was done (Davison, 1998) . Breast cancer and breast augmentation forums that permit women to connect with fellow survivors online also show a discussion of cold breasts after reconstruction (3Dboo, 2011; 3girls, 2008; Q.W.E., 2009 ). The fatty tissue in healthy breasts that provides insulation to the torso (LaBat & Ryan, 2019) is compromised in women with breast cancer and breast augmentation. Yu, Wang, and Shin (2006) examined basic approaches to bra pattern development and concluded that a more scientific approach for bra design is necessary. While the bra may be 'the most engineered and patented ready-to-wear garment' (LaBat & Ryan, 2019, p. 197 ) it fails to meet the needs of many consumers. Today, bras come in a variety of shapes, sizes and styles for use under a variety of clothing and to achieve different looks (Demure, 2017; Hart & Dewsnap, 2001) . Bra features are critical to adjustment and fit and simultaneously impact the aesthetic of the product. The bra consumer is concerned about a myriad of interrelated factors that are influenced by perceived risks and selfconcept (Hart & Dewsnap, 2001) . Yu (2011) mentions that bra fit satisfaction is very subjective and even more difficult to describe. Clarity of communication between the wearer and the designer is important to fitting success. An earlier Yu (2011) bra component drawing was adapted to provide a common vocabulary ( Figure 1 ) for this purpose.
Bra design

Bra wearers and mastectomy survivors
Bra wearers at different stages of their lives are likely to have unique needs and purchasing practices (Risius et al., 2012) . Using a focus group and subsequent survey, Risius (2013) evaluated the needs of women ages 45-65 and was able to define 11 bra performance variables that women consider when buying a bra. Risius assessed two bras in a wearer evaluation and learned that this age group tended to prefer bras that reduced breast movement during activity and provided sufficient support and lift to provide a preferred breast shape. Risius (2013) inferred that the participants in the study were aware of significant changes in their breast shape due to reduced skin resilience and glandular activity. The studies suggested that additional design analysis would be beneficial to evaluate the needs of this market (Risius, 2013; Risius et al., 2012) . Beard (2011) evaluated clothing needs of 87 postmastectomy survivors. Her research focused on how demographics and chosen treatment impact clothing choices after recovery. The researcher found that 86% of surveyed participants wanted to wear the same clothing styles that they wore pre-mastectomy regardless of their chosen treatment option. Only 40% of participants felt available clothing could be worn without modification (Beard, 2011) . In the same study 47% of the volunteers found that they were not able to wear the same styles that they wore previously. In LaBat et al.'s (2016) survey of breast cancer survivors, some women with prosthetic reconstruction conveyed that they experienced localised sensitivity and clothing discomfort. Chowdhary and Ryan (2003) used a mixed-method approach to evaluate the importance and availability of clothing to allow women to feel 'normal' after mastectomy. Manufacturers who produce mastectomy bras designed to hold an external prosthesis in a pocket include American breast Care, Amoena™, Ana Ono, Nearly Me®, Jodee®, among others. LaBat and Ryan (2019) found wearers and service providers differed in their satisfaction with available products. Currently, products for those who have undergone breast reconstruction are limited to basic style bras. Unfortunately, the bras on the market do not always accommodate the sensitivities that cancer survivors describe. Researchers Chowdhary and Ryan (2003) found that study participants were interested in improved availability of special needs apparel items at a reasonable cost and they were willing to participate in further research for this purpose. Collaborating with survivors in the bra design process could increase user satisfaction (LaBat & Ryan, 2019).
Research methodology
Data collection
In order to identify preferred bra design criteria for use in a new design profile, this study followed the functional apparel design process as described by Watkins and Dunne (2015) and clarified by Ghalachyan and MacGillivray (2016) . The study examined the needs as well as the fit and style preferences of bras by female cancer survivors. The functional design process requires a thorough understanding of the user and her needs; thus, a mixed-methods survey of this population was conducted.
Survey
An online survey composed of 65 questions was developed to assess bra needs as well as style and fit preferences. Due to the lack of research in this specific area, the survey questions were based in part on the Risius (2013) study that used focus groups of healthy breasted women to understand the bra features that were most important to this category. This survey gathered information on the physical aspects and well-being of the participants including physical activity, breast cancerrelated side effects, physical differences, areas of sensitivity or discomfort that have developed since their surgeries, and the characteristics to be considered when selecting a bra. Additionally, the survey requested participants to review the bras they owned and respond to a series of questions about the style, features and number owned. Respondents were asked to describe their preferred bra features as well as to identify their preferred retail shops for purchase. Participants were provided with a bra style reference guide ( Figure 2 ) that included images of 12 common bra styles, and a document that presented a common bra component vocabulary. The Institutional Review Board approved survey contained both forced-choice and open-ended questions and was designed to be completed in under 30 minutes.
Approach for data analysis
Participants were allowed to skip up to five questions of the 65 questions. After removing surveys that did not meet these criteria, 62 participants remained. If fewer than 62 participants answered a particular question, it is specified clearly as (n=) in the results section.
Demographic data, answers relating to bra types and styles preferred, as well as side effects experienced due to cancer-related surgeries were interpreted using descriptive statistics. Open-ended responses described mastectomy side effects and how different bra features impact comfort and how that may have changed since reconstruction. Based on recommendations of previous researchers, responses were examined to determine if common themes developed (LaBat et al., 2016; Leedy & Ormrod, 2017; Risius, 2013; Watkins & Dunne, 2015) . A chart listing responses by row and prominent themes in columns along the top was created. Each response was reviewed and themes noted. When common themes emerged, they were consolidated where appropriate and systematically reduced to determine the central themes of the responses.
Both statistical data and prominent themes were compared to determine whether they provided supporting evidence for one another or displayed disparate results. Supportive results were gathered to develop style and fit design criteria for the design of a bra for women who have undergone mastectomy with prosthetic reconstruction.
Results and discussion
Demographics
A profile of the average respondent revealed that she was from the Midwest area of the United States, married, Caucasian and perceived herself to be at least comfortable in terms of socioeconomic status (Table 1) . As the mean age of the respondents was 52, it is possible that lack of access to technology or lack of comfort with internet surveys by those who are older may have limited their participation and thus skewed the responses toward the preferences of those on the lower end of the age group. Eighty-five percent of the participants had their surgeries completed in the last five years. This may suggest that those who had more recently undergone the trauma of this process were more likely to seek out solutions than those who had been enduring a range of discomforting side effects for a longer period of time. This factor could potentially skew responses toward the younger end of the age group.
Health considerations
To better understand the somatic demographics of this group and whether changes they have experienced since reconstruction may have had an impact on their bra needs, participants answered questions pertaining to their physical condition and activity (Table 2) . Forty-eight percent reported to be at least moderately physically active and 11% were highly physically active. Post-cancer treatment medications like Tamoxifen, can induce menopause-like symptoms (Menopause: Symptoms, Treatment, Diagnosis, n.d.). Hoda, Perez, and Loprinzi (2003, p. 431 ) go further to say that the hot flashes suffered by cancer patients can be 'more frequent and more severe' than naturally occurring menopause. Eighty-four percent of this survey's respondents suffered from hot flashes. The perspiration caused by both activity and hot flashes has a great impact on thermal comfort. Moisture management is a key factor that bra designers should consider when selecting textiles and design features so that moisture can be effectively removed from the skin to help restore thermal comfort. Of the healthy breasted women in Risius' (2013) UK study, 53% reported being moderately active and 16% menopausal. Though fewer healthy breasted participants reported suffering from menopausal symptoms, a larger percentage are still physically active so one might deduce that the need of sports bras with moisture management capacity may be desired by both groups of women.
Whereas only 18% of their healthy breasted counterparts (Risius, 2013) stated that they suffered from mastalgia, or breast pain, 70% of this survey's participants reported having some pain and discomfort in their breasts since surgery. Sixty-seven percent have periodic discomfort, 12% suffered from cyclic pain and just over 21% experienced constant pain. While there may be a variety of factors contributing to their discomfort, a less-known factor was cold breasts (3Dboo, 2011; 3girls, 2008; Davison, 1998; Lagergren, Wickman, & Hansson, 2010; Pulzl et al., 2015; Q.W.E., 2009) . In this survey, 100% of the respondents indicated experiencing this side effect with the majority suffering either frequently or constantly. Table 3 provides clarity on conditions under which the chill occurs. Once cold, respondents (n = 61) had trouble regaining a comfortable body temperature with 39% reporting moderate difficulty and nearly 25% reporting extreme difficulty rewarming. The methods these women utilised to recover from heat loss included: apply more clothing 42%; apply a blanket, 33%; take a warm shower, 12%; apply hand warmers to the breasts, 5%; use a heating pad, 5 %; and apply warm hands to breast, 3%. Not only do the majority of these women have to learn to manage a variety of discomforts, but they often endure pain. In order to determine whether any association could be drawn between age, time since reconstruction, size of implants used, level of physical activity, or frequency of hot flashes and the experience of having cold breasts, Pearson correlation coefficient calculations were completed. Only physical activity was found to demonstrate a significant correlation (p = .016) to having cold breasts. The more physically active participants reported more frequent experiences of cold breasts. Though this study did not inquire about the type and level of physical activity, it can be surmised that physical activity may increase the rate of perspiration and thus lead to an increase in evaporative heat loss. This may have implications for designers to consider insulation as well as moisture management in their designs.
Bra inventory
Based on the responses of 50 participants who completed all questions pertaining to their current bra inventory, 50% have had a professional bra fitting since their reconstruction. Over 42% of participants have trouble finding a bra that fits. In comparison, healthy breasted women state they had trouble finding a well-fitting bra 47% of the time (Risius, 2013) . This slight difference could be attributed to the fact that healthy breasted women assume they should be able to find a bra that fits and their cancer survivor counterparts may have a lower expectation for what constitutes a good fit. Chi-Square analysis did not find a relationship between the lack of a professional fitting and finding a bra that fits (p = .152). The study revealed that women with reconstruction primarily shop in department stores and not mastectomy fitting shops, where bra fitters are often trained to recognise and understand the needs of cancer survivors. This may point to a need to expand the training available for bra fitters in traditional bra retail stores to include more specifics about the needs of survivors with reconstruction. McGhee and Steele (2011) suggest professional bra fitting criteria that include evaluations for the band, cup, underwire, and contact of the front band with the sternum. Table 4 demonstrates that the majority of participants wear a bra on a regular basis. Respondents (n = 49) in this study tended to own fewer than 11 (82%) bras. Risius' (2013) study reported that healthy breasted participants purchased an average of 1.5 bras per year. The higher average number of purchases per year (2.83) made by those with reconstruction could be attributed to the inability to find bras that fit comfortably. Though 72% of respondents (n = 50) had purchased at least two new bras in the last year, nearly half-owned five or fewer bras and the majority (60%) expected to keep wearing them for more than two years. In comparison, in order to avoid the possibility that a particular desired bra will not be available in the future, healthy breasted women tend to buy a preferred style in quantity (Hart & Dewsnap, 2001) .
Bra type and feature preferences
Survey participants predominantly wore T-shirt, Sports and Full cup bras (Table 5 ). As Figure 2 depicts, a Tshirt bra covers the majority of the breast with a thin preformed cup. The bra normally contains a narrow gore and is designed to provide a smooth appearance under snug-fitting T-shirts. Sports bras can be categorised into two types; compression and encapsulation Zhuo, Yu, and Ng (2012) . They are intended to support the breast tissue and reduce vertical and lateral movement during exercise (LaBat & Ryan, 2019) . Zhuo et al. (2012) found that the most effective sports bras contained compression attributes, a high neckline, structured cup seams, side and cup top elasticity, wide straps and did not contain a centre gore, cradle, underwires or padded cups. A full cup bra generally contains a centre seam at the bust, provides coverage further up the chest, as well as providing greater support under the bust and at the band than a T-shirt bra and includes a full gore and more substantial straps. A full-coverage bra may be preferred by those with a more substantial cup size to provide additional support. Table 5 depicts bra features women are predominantly concerned about when considering a bra purchase; the comfort of the wing and underband, the cup shape, and the cup coverage. When cross-tabulation is utilised to analyse bra type and feature preferences, participants selected the wing and underband comfort of sports bras over the wing and underband comfort of T-shirt bras, and then finally the third most popular option was the cup shape of T-shirt bras. Ninety-three percent of reconstruction respondents reported owning a sports bra, whereas only 56% of the healthy breasted respondents in the Risius (2013) study report owning a sports bra. Twenty-one of 61 respondents (34%) reported owning a push-up bra. The majority of the bras owned by participants (67%) contained preformed bra cups. Many physicians recommend that their reconstruction patients forego underwires (metal or plastic of any diameter) due to the potential puncture risk to the implants, yet 33% of respondents (n = 61) report that they are likely to buy a bra with an underwire. This is a difference from the Risius study (2013) where the researchers found the majority of healthy breasted middle-aged participants preferred underwire and did not prefer preformed bra cups. Though some surgical procedures associated with reconstruction can reduce the flexibility required to fasten a back clasp, only 33% of participants (n = 61) would consider purchasing a front clasp bra.
Participants were asked to rate the importance of certain bra characteristics. Participants reported that bra support to be of at least moderate importance (96%). Bra fit was of moderate to extreme importance (100%), and comfort was of extreme importance (90%). The importance of fit and comfort as criteria for a bra is affirmed by the fact that the three bras defined as the most comfortable bra styles were also chosen as the three most frequently worn bras. Seventy-seven percent (n = 48) place at least moderate value on shoulder straps. Findings supported the Risius' (2013) study, in part, where healthy breasted women also stated that they desired comfortable bras more than any other single factor and that determined which bras they purchased. Shoulder strap slippage was also a common concern Table 5. Cross tabulation comparison of bra type and feature preference. between the groups. According to Dr Padro-Guzman (2016), there are several facets of breast cancer treatments including radiation and subsequent mastectomy that can lead to protective posturing and shoulder pain. For those who undergo lymph node dissection, the number suffering from shoulder pain five years post-surgery is over 30% and over 15% suffer loss of shoulder mobility (Nesvold, Reinersten, Fossa, & Dahl, 2010) . Prolonged periods of reduced shoulder movement can lead to increased inflammation that may complicate the effectiveness of bra shoulder straps and exacerbate the difficulty in fastening back closures for survivors.
Clearly, comfort and fit surpass all other characteristics. The value placed on how a bra looks under clothes is further supported by comments from individuals who reported in open-ended questions to want their bra to cover breast abnormalities including dissimilar breast shape and nipples as well as scarring, contracture and subsequent uneven or irregular breast surface. Though Risius' study (2013) stated that healthy breasted middle-aged women place a high value on the support that a bra provides, those with reconstruction do not place as high a value on this feature most likely due to the support provided by the newly reduced and taut breast tissue. The survey results (Figure 3 ) also suggest that the bra appearance does not have as high a value for women with reconstruction as compared to the other factors.
Data were analysed to determine if bra type or feature preferences could be associated with age, socio-economic status or cup size and no association was found. Sufficient evidence (p = .027) was found to conclude that there is an association between bra size and having trouble finding a bra that fits well. Women with a larger bust (>38c) had more trouble finding a well-fitting bra.
Accommodating breast differences
Thirty percent of respondents had one or both nipples that are continuously erect. This is a potential side effect of having a nipple-sparing mastectomy. The nipple is left intact, however, there can be nerve damage to the surrounding area which does not allow the tissue to react. Twenty percent of respondents have asymmetric breasts. Breast homogeneity or the lack thereof makes fitting of a bra much more complex. Designers should consider strategies for accommodating and masking differences in breast shape and surface texture. Nipple variations can cause fit issues as a breast without a nipple may increase the opportunity for gapping of a preformed cup that can be depressed causing an undesired indentation under compression from a snug shirt. This can result in anxiety for the wearer and may limit fashion options. The majority (60%) of participants had some sensitivity to physical touch however 69% stated that they have little to no sensitivity to fabric touching their breast. Eight percent had skin that was very sensitive to the touch of fabric. Skin sensitivities have obvious implications for the selection of fabric, but have a broader influence on the appropriateness of components and notions used in bra construction including the wing, cradle, gore, cup, elastic, trims, and the associated compression provided by the band as a whole.
Eight percent of respondents experience edema and preferred a soft band fabric during times of inflammation. Approximately 23 % of participants suffered from varying degrees of lymphedema and minimal to moderate pain. Of those responding, 70% (n = 61) suffer from some form of breast pain on at least a periodic basis with 40% reporting moderate to significant pain. Factors causing pain included scar tissue, cold breast sensations, movement of implants, muscle pain and cramping as well as discomfort from bras.
Purchasing preferences
Respondents gave open-ended feedback about where they like to purchase bras. Department stores were prominent with 16% listing Kohl's specifically and 26% listing stores like Macy's, JC Penny and the words 'Department Store'. Nearly 24% listed specialty stores like Victoria's Secret as a preferred place to purchase. Discount retail chain stores like Target, Meijer and Walmart combined to earn 16% of the vote with on-line shopping options receiving 11% of responses. Results suggest that the majority of participants (73%) are willing to pay specialty or department store pricing in order to obtain a preferred bra. This supports the findings of Risius (2013) where healthy breasted participants overwhelmingly stated that they were willing to pay more for a well-designed bra that was comfortable.
Ideal bra characteristics
Open-ended responses were sought to allow participants to use their own words to define their ideal bra characteristics. Common themes emerged and closely related themes were consolidated for clarity (Table 6 ). Comments with two or fewer mentions were removed from the data. The word comfort was the most frequently used term throughout the responses. It was often used to modify a specific bra component or feature such as band or strap, and where that was the case it was counted in that way. However, comfort was listed as a requirement on its own by 17 out of 45 participants. Thermal comfort was the next most frequently mentioned category. Fourteen participants desired their bra to provide warmth with two specifying the need for breathability and two suggesting that being able to adapt to differing temperature needs would be beneficial.
Decision matrix
A decision matrix is a 2D visualisation of prioritised design criteria that assists the designer in assessing the influence of one criteria against each of the others (Watkins & Dunne, 2015) in an effort to come up with the best design solution. The list of desirable bra features, or design specifications, as defined by and for the audience of women 40-70 who have undergone mastectomy with prosthetic reconstruction is depicted in Table 7 . Design specifications are listed in order from most important to least important in rows and columns and each pair is evaluated and labelled in its corresponding cell as either compatible with one another, in conflict with one another, or requires accommodation. Those that are compatible with one another and can be implemented in a common design are labelled with ' ⃝ '. Those that would require some accommodation in order to be implemented are labelled with '√'; and those that absolutely cannot be implemented because their solutions are in conflict with one another show a '*'.
Though there are many factors desired in the optimal bra, many appear to be complementary in their solutions. Several factors, including the interest in masking breast imperfections, providing the appropriate shape for reconstructed breasts and thermal comfort, focus on the cup design so should be considered in unison. Comfort in and of itself as well as the comfort of the band and straps specifically suggest that textiles and their interaction with the body should be an area of focus for designers. Some factors are at odds with one another and require compromise. One such factor is the desire for a sexy bra. Though some features may be able to be adapted to achieve a sexier look, full coverage, soft bands and cups as well as the desire to eliminate underwires and reduce back bulge may not be completely compatible with one another. A 'good fit' likely means different things to different people. According to Hart and Dewsnap's research (2001) , the lack of consistency in sizes across brands makes it challenging to know one's bra size. Additionally, the researchers found that the consumer may not determine whether the bra is a good purchase until they have worn it for a length of time, laundered it and worn it again to be sure it continues to fit and feel good. With this in mind, bra manufacturers should consider standardising their sizing strategies to reduce the impact of this complication for consumers. Further, retail stores that sell bras may need to consider more lenient return policies to accommodate customers who may need to seek exchange for an alternative size or style. As recommended by Yu (2011) wide band designs can help to reduce exposure of back bulge, so these two design criteria are also compatible. Though the need to wear push-up bras to lift the breast may be at a reduced need for those with recent reconstruction, the desire for support still exists. Even skin pressure of about 500 gf between straps and band and body is recommended for bra comfort (Yu, 2011) . However, consumers in an attempt to remedy fit issues like back bulge, may loosen the band, reducing the support provided. To counter this, they may cinch up the straps which may lead to strap discomfort and illfitting cups (Yu, 2011) .
As sensitivity to compression exists with this group, it may be challenging for designers to provide soft comfortable bands without compromising breast support to some degree.
Conclusions and recommendations
Bras are a complex and dynamic garment designed for women with a variety of shapes and preferences. The stimuli that move a bra consumer to action are similarly complicated and require an understanding of physiological and psychological needs, including bra functionality and the strong desire to avoid a poor purchase (Hart & Dewsnap, 2001) . The survey results from this study validate that there is not likely to be one bra that will meet the wide variety of needs and desires presented by this particular group of women. However, there are a number of themes that were consistent throughout the study that should be taken into account by future designers of bras for breast cancer survivors with prosthetic reconstruction.
Breast cancer survivors who have had mastectomy and breast reconstruction value comfort over every other bra preference reported and are specifically concerned with wing and underband comfort. Designers should consider sensitivities related to compression at incision sites, capsular contracture, radiation burns, and lymphedema-related swelling. Reconstructed breasts differ in shape from natural breasts. Finding a bra cup that accommodates the wider, shallower breast can be difficult (Steligo, 2013) . Bras should provide coverage of inconsistencies in breast shape and size due to reconstruction asymmetry. Cups should not deflect under compression to allow visibility of nipple variations. Similarly, bras should hide rough or uneven skin surface texture due to lumpectomy or radiation burns without drawing attention to the bra, as a smooth look under clothing is of high priority during selection. Bra fitters in all types of retail settings should be trained to address the needs of all types of bra wearers including women who have had mastectomy surgery and reconstruction. Designers should focus on thermal comfort, especially as it pertains to providing warmth to the wearer. Secondarily, breathability should be considered. Participants did not like underwires, therefore designers need to develop other support strategies. Survivors of mastectomy can suffer from a variety of shoulder mobility limitations and protective posturing that can reduce the effectiveness of traditional shoulder strap designs. Bra straps that allow adjustment in length as well as placement on the shoulder would be beneficial to this group. A diagnosis of breast cancer and related treatment and making the decision to undergo mastectomy and reconstruction does not end the difficult choices that the survivor will have to make as she seeks some level of normalcy. Bras can contribute toward minimising if not alleviating discomfort caused from breast reconstruction. This study provides evidence that having bras designed to accommodate the physical differences that persist after reconstruction is of value to the consumer in this group.
Recommendations for future research
This study advances our knowledge of the bra preferences of breast cancer survivors treated with mastectomy and breast reconstruction with implants. However, it also demonstrates a need for further study. Women who undergo prophylactic mastectomy as a method to prevent breast cancer occurrence may have different factors which need to be considered. This group may have fewer physical sensitivities because they have had less invasive treatments; no lymph node dissection, chemotherapy and/or radiation. Though the first prophylactic mastectomy was first conducted in 1917 (Eisinger, 2007) , by 1995, Houn, Helzlsouer, Friedman and Stefanek found it to be infrequently recommended by gynecologists and general surgeons but increasingly more so by plastic surgeons. Rate of use of this treatment has grown in recent years with a nearly 36% increase between 2004 and 2008 (Alaofi, Nassif, & Al-Hajeili 2018) . As we age we have different bra style preferences (Risius et al., 2012) . Younger prophylactic mastectomy patients may have different bra style preferences and demands resulting in new challenges for bra designers. Furthermore, this group may have a need for multiple surgical procedures to replace the implants due to the relatively short lifespan of implants; 10-20 years depending on manufacturer (Mentor Promise and Enhanced Protection Plan, 2018; Osborn, 2018; Siena Platinum20 Warranty, 2018) . As implant design and surgical procedures advance, needs may change as well. Further study of participant level of satisfaction with their body image prior to mastectomy and reconstruction and how that has or has not changed through the process of recovery would extend the research of scholars examining body cathexis and self-concept/self-esteem.
This study did not attempt to understand the bra preferences for this group prior to surgery. Future investigators could extend this research by examining whether the bra fit and style feature requirements for this group changed or remained the same.
This study could have been improved by asking participants to specify implant size and shape so that satisfaction could be probed. This information would provide input for further bra design strategies. Researchers expected to see stronger correlations between some of the variables, such as age and preferred bra styles or bra size and preferred bra features. A larger study may find additional correlations that were not identified by this study.
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